The establishment of a conservation strategy or restoration goal for river estuaries requires knowledge of potential biota or possible habitat characteristics. In this study, we investigated the relationship between estuarine fauna and macro scale physical indicators on Kyushu Island, Japan to provide basic information for estuarine conservation. As a result of the classification of shellfish fauna by similarity, the Kyushu region was divided into three groups, namely, 1) southern Kyushu with high wave exposure, long fetch, and low tidal variation; 2) the Ariake and Yatsushiro seas with low wave exposure, short fetch, and high tidal variation; and 3) northern Kyushu with an intermediate fetch and tidal variation. In addition, a number of sites, such as Nakatsu Port, Sone tideland, and the Honmyou River, were classified into geographically different groups. This is because the physical characteristics of these sites were similar to classified groups or shellfish fauna were significantly altered by artificial impacts. As a result of discriminant analysis, the discrimination hit rate of species inhabiting the inner bay or tidal flat was high, whereas that for species using a wide variety of bottom sediment environment was low. To improve the accuracy of the discriminant model, it is necessary to collect more detailed physical information, such as habitat type, salinity concentration, or grain diameter of bottom sediment. To establish a conservation or restoration strategy, there is a need for classifying taxonomic groups or physical characteristics.
intRoduCtion
E s t u a r i e s a r e c h a ra c t e r i ze d by a spatiotemporally complex environment in terms of both physical and chemical aspects driven by external forces of river flow, tide and ocean waves, or influx of sediment and nutrients 1 . Therefore, several definitions of estuaries from the standpoint of physical characteristics or salinity distribution exist 2 . In addition, estuaries are important habitats for conserving biodiversity of species that live in only brackish water 3 . On the other hand, estuaries have been highly disturbed by human activities since ancient times. The relationship between artificial disturbance and physical and ecosystem response is complicated, because an environmental change in estuaries reflects the impact of the entire upstream river basin. Several studies have investigated impactresponse relationships of estuaries. Longphuirt et al. In recent years, studies related to the influence of sea level rise due to climate change have been conducted on the estuary environment [7] [8] [9] .
A conser vation strategy based on appropriate understanding of the relationship between physical characteristics and fauna is essential to conserve estuary environments. In Australia, a conservation plan for each estuary has been designed and conservation actions have been progressing. The Australian system classified estuaries by the strength of impact of tide, wave, and river energies 10, 11 . Estuaries were categorized into six main types (tide-dominated, tide-dominated estuary, tidal flat, wave-dominated delta, wavedominated estuary, and strandplain), and potential habitat types of each estuary type were suggested 12 . Research of relationships between fauna and estuary type 13 and reference condition of each estuary type 14 were also conducted.
The relationships between physical characteristics and fauna in estuaries have been the subject of past research. One predominant physical indicator is wave exposure. Crisp studied the relationship between wave exposure and barnacles in the English Channel 15 , whereas Ebling investigated the distribution of seaweed according to wave action in Lough Hyne (Ireland) 16 . Concurrently, there has been research on methods to directly measure the degree of wave exposure 17 . On the other hand, Ronowicz pointed out that tide is an important physical factor influencing fauna 18 .
Biota in estuaries vary depending on the physical characteristics of estuaries. Therefore, it is important to elucidate the relationships between estuarine physical characteristics and potential biota to plan estuarine conservation strategies or restoration plans. In the present study, we classified the estuarine fauna of Kyushu Island, Japan and investigated the relationship between the classification result and physical characteristics to obtain basic knowledge for estuarine conservation.
matERial and mEthodS analysis objectives
In the present study, we focused on the shellfish (snails and bivalves) inhabiting brackish water. A number of studies using brackish fish fauna to evaluate the estuarine environment exist 19, 20 . However, brackish water fishes are not necessarily appropriate indicator species for evaluating the estuarine environment because they are not necessarily confined to the brackish water environment. In contrast, shellfishes are relatively sessile and are, therefore, captive within brackish estuarine environments and are affected by water quality or bottom sediments to a greater degree. In addition, some shellfish species are specialists and can only survive in a particular environment. Therefore, shellfish species reflect the current state of the habitat directly and are themost relevant organisms for evaluating the ecological health of a habitat 21 .
Biological data and analysis method
The shellfish data presented in Table 1 were obtained from the National Census on River Environments from the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) that was conducted from 1993 to 2010 and the National Survey on the Natural Environment by the Ministry of Environment (MOE) was conducted during 2007. Species highlighted in black are important from the point of view of conservation. We used presenceabsence data for each species for analysis. The Kikuchi River and the Onga River (MOE and MlIT survey points) were regarded as the same spatial point due to their close spatial proximity. The locations of sampling points are shown in Figure 1 .
We conducted a Two-Way Indicator Species Analysis (TWINSPAN) 22 for classifying shellfish fauna based on the similarity of shellfish fauna at each site. PC-ORD version 4 (MjM software design) was used to calculate TWINSPAN. The pseudo species cut-off level was defined as 0 (i.e., presence-absence), and the maximum number of indicator species for a division was set to five.
Physical indicators
The composition of estuarine biota varies, depending on tide, wave action, and stream flow. In the current study, we adopted wave exposure and direct fetch as indicators of wave action and adopted tidal variation as an indicator of sea tide. Wave exposure was quantified by the Baardseth Index 24, 25 . We calculated direct fetch by integrating the distance to the opposite shore from the investigation point, extending the radius in each direction with a width of ±22.5° from the center point 26 . A maximum distance of 200 km was set as the distance to the opposite shore in accordance with the concept of wave height saturation 27 . Tidal variation was calculated by the average of the difference of monthly maximum and minimum tide level for the period January-December 2014. The tidal data were obtained from the Japanese Coast Guard (http://www1.kaiho.mlit.go.jp/KANKYO/TIDE/ table 5: Similarity index values of shellfish fauna in the northern Kyushu group tide_pred/). The tide of the investigation point was adopted from the recorded value of the nearest Japanese Coast Guard observation point. Figure 2 represents the result of TWINSPAN for shellfish fauna at 49 sites. At the first level, 49 sites were classified into 12 rivers situated within southern Kyushu (including the Gokase, Omaru, and the Mannose rivers), and the remaining 37 sites were classified by the presence of Clithonfaba, Psammotaea minor, Littorina (Littorina) brevicula, and Ruditapes philippinarum. At the second level, 37 sites were classified into 17 sites within the Ariake and Yatsushiro seas (including the Midori, Shira, and Kikuchi rivers) and the 20 sites situated within northern Kyushu such as the Onga and the Yamakuni rivers by the presence of Pseudomphalalatericeamiyazakii. The sites situated within the Ariake and Yatsushiro seas were further classified into the inner region of the Ariake Sea (the Yabe, Chikugo, Rokkaku, Okihata, and Shiota rivers) and other sites. The presence of Salinatortakii, Nassariussinarus, and Stenothyra sp. were confirmed in the inner region of the Ariake Sea. In addition, the Honmyou River is geographically situated within the Ariake Sea; however, it is classified into the other groups. In contrast, Sone tideland and Nakatsu Port are geographically situated within northern Kyushu; however, they are classified into the Ariake and Yatsushiro seas group. Figure 3 shows these classification results. Table 2 lists the classification result as well as the physical indicator values. Wave exposure and direct fetch of the southern Kyushu group was the largest, whereas tidal variation of this group was the smallest among the three groups (wave exposure: 9.83 ± 5.78, direct fetch: 773.2 ± 808.5, tidal variation 240.7 ± 41.6). Most of the sites within this group were facing open sea with a high degree of exposure. In the Ariake and Yatsushiro seas group, the value of direct fetch (215.5 ± 122.1) was the smallest, whereas tidal variation was the largest (483.5 ± 57.0) among the three groups. Most sites belonging to this group were located in the inner bay and were greatly affected by tide. In addition, the value of wave exposure of the Ariake and Yatsushiro seas group was intermediate to that of the northern and the southern Kyushu groups. The value of wave exposure of the northern Kyushu group was the smallest (6.26 ± 6.88), whereas direct fetch 
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Results of shellfish classification
Relationship between classification result and physical indicators
diSCuSSion
Similarity index of each group
The similarity of the shellfish fauna in each group is discussed here using Jaccard's Index 28 . Table 3 shows the similarity index of shellfish fauna in the southern Kyushu group. The highest index value was obtained between the Oyodo and the Gokase rivers (0.47), both facing the Hyuga-Nada Sea. The second highest index value was obtained between Kiiretyo and the Shigetomi Coast (0.45), falling within Kagoshima Bay. Urauchi Bay situated on Koshiki Island showed a low similarity to other sites (0.10 ± 0.08), and there were no common species within the Omaru River situated within the Hyuga-Nada sea region. In addition, Shibushi Bay, which is characterized by poor diversity of shellfish fauna, presented low similarity to the other sites. Table 4 indicates the similarity index of shellfish fauna in the Ariake and Yatsushiro seas group. The average similarity index (0.25 ± 0.12) was the highest among the three groups, and an even higher index value was indicated for the inner region of Ariake Sea (0.34 ± 0.13). Furthermore, the similarity index of the adjacent estuary of the Yabe and the Chikugo rivers, both belonging to the inner region of the Ariake Sea, was the highest in this group. This is because the inner part of Ariake Sea occurs within an enclosed bay, and therefore, endemic shellfish fauna were formed. The similarity index between the Sone tideland, Nakatsu Port, and the Kumamoto Ono River was high, although these three sites are separated by a long distance. The characteristics of physical indicators of Sone tideland and the Kumamoto Ono River were a low direct fetch and a high tide variation (Table 2 ). In addition, Nakatsu Port is affected by large tide variation. Since the physical indicators of these three sites are similar, it is believed that shellfish fauna are also similar due to responding to physical characteristics. On the other hand, the similarity index to the other sites of Isahaya Bay south and north coast are low as Ellobiumchinense, Cerithidea (Certhidea) largillierti, and Cerithidea (Cerithidea) ornate, which are typical species in Ariake Bay, were not confirmed at these two sites. These species are likely to have died out at these two sites due to the closure of draining The results of the current study support their findings. Table 5 shows the similarity index values of shellfish fauna in the northern Kyushu group. The average similarity of the sites was 0.21 ± 0.10. The values of the index in Beppu Bay (the Oita, Ono, and Yasaka rivers, Kofukae Port, and Morie Bay) are high. In particular, the similarity index value of the adjacent estuary of the Oita River and the Ono River is the highest in this group (0.48). On the other hand, shellfish fauna of Yokaku Bay, Yamakuni River, and Imari Bay are similar, although these three sites are separated by a long distance. These sites are likely to show similar physical characteristic. The Honmyou River was classified into the North Kyushu group, although it is geographically positioned in Ariake Bay. In these sites, only five species were confirmed and the similarity index to other sites was low. It is assumed that closure of draining Isahaya Bay influenced the shellfish fauna of Honmyou River in the same way as Isahaya Bay south and north coast. In addition, Namako Pond located on Kosiki Island showed a low similarity to the other sites. This is because this is the only site which is a brackish lake, and a differential environment is formed as compared with the other sites.
discriminant analysis for shellfish species
We developed a prediction model of occurrence using physical indicators by discriminant analysis for 34 species, which were confirmed at over 30 sites. Discriminant analysis was conducted based on Mahalanobis-generalized distance. Statistical analysis software R was used for all analyses. Table 6 shows the results of discriminant analysis. The linear discrimination factor that indicates how a factor contributes to the prediction for the presence or absence of objective species is showed in the column of the physical indicators in Table 6 . In addition, we assembled the habitat infor mation of each species using various literature sources. The discrimination hit rates of Pseudomphalalatericeamiyazakii and Cerithidea (Certhidea) largillierti that inhabit the inland bay or tidal flat were high. This revealed that prediction of the presence or absence of these species is to some extent possible using tidal variation, direct fetch, and wave exposure. On the other hand, the presence of Solenstrictus that use a relatively wide range of bottom sediment environment, Littorina (Littorina) brevicula that adhere to reef, or Clithonretropictus that inhabit the low salt density area are difficult to predict using this model. It is believed that the physical indicators used in this model (direct fetch, wave exposure, and tidal variation) are macro scale; therefore, habitat scale information, such as salinity, habitat, or bottom sediment, is necessary to predict the presence of shellfishes. It is possible to improve prediction accuracy using quantitative data of habitat scale.
There is also a need for estuary typology from the perspective of the physical environment. Classifying estuary type from a physical and ecological perspective is essential to develop protection strategies or restoration plans for estuaries. Integrating this information will assist in deciding principle species for conservation or restoration by simple field surveys.
ConCluSion
The objective of the current study was to classify shellfish fauna and explore relationships between faunal composition and physical characteristics within the Kyushu Region, Japan. The acquired knowledge obtained from the results of the current study includes the following:
(1) As a result of classifying shellfish fauna, the estuary of Kyushu Island was divided into three groups (southern Kyushu, Ariake and Yatsushiro seas, and northern Kyushu). Physical characteristics of each group are mentioned below.
• Southern Kyushu: high wave exposure, long fetch, and low tidal variation.
• Ariake and Yatsushiro seas: low wave exposure, shor t fetch, and high tidal variation. (2) A number of sites, such as Nakatsu Port, Sone tideland, and Honmyou River, were classified into geographically different groups. This is because physical characteristics of these sites were similar to classified groups, or shellfish fauna was significantly altered by artificial impact. (3) As a result of discriminant analysis, the discrimination hit rate of species inhabiting the inner bay or tidal flat was high, whereas the hit rate was low for species using a wide variety of bottom sediment environment. To improve the accuracy of the discriminant model, it is necessary to collect more detailed physical information, such as habitat type, salinity concentration, or grain diameter of bottom sediment.
In the present study, we classified shellfish fauna because of the strong relationship between fauna and the physical environmental. To establish conservation or restoration plans, there is need for classifying other taxonomic groups or physical characteristics.
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